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Results
Peak III, which was eluted from the ion exchange column at the buffer concentration of 36.7 mm (see Materials and Methods), showed an absorption spectrum having fine structure from 250 to 270 nm, which is characteristic of SOD of bovine erythrocytes,21) and only this fraction showed the absorption of copper at 680 nm. In peak III, the excitation maximum of fluorescence spectrum was at 275 nm (305 nm emission), and the emission maximum was at 305 nm (275 nm excitation). Only peak III showed SOD activity by the cytochrome c method. The result of amino acid analysis of this purified SOD is given in Table I with the theoretical values.25) Though purified SOD showed lower contents of valine, isoleucine and histidine residues than the theoretical values, the contents of other amino acid residues agreed fairly well with the theoretical values.
The CD spectrum of purified SOD is shown in Fig. 1 . The ellipticity band of purified SOD coincided in position with that given for the holoenzyme in the literature26) but the molar CD tic of purified SOD at 260 nm was about 55% of that of the holoenzyme. A striking difference of CD spectrum in the ultraviolet (UV) region between apo-and holoenzyme has been reported,26) that is, the positive ellipticity at 255 265 nm is destroyed in the apoenzyme. As the presence of apoenzyme without copper was suggested, the copper content of purified SOD was assayed. It was estimated to be 61.9 + 9.1 % (n = 9) of the theoretical value. These results indicate the presence of 38.1 % of apoenzyme in the purified SOD. Figure 2 summarizes the result obtained after incubation of purified SOD with 1 M glucose for 14d. The amount of glucose added to SOD molecules during incubation, which was estimated by measuring absorbance at 443 nm in the thiobarbituric acid method, increased linearly until 7 d, and after that increased only slightly. The enzyme activity decreased to about 88% after 7 d and 60% after 14d. On the other hand, incubation without glucose caused no alteration in the enzyme activity.
To separate glycated SOD from nonglycated SOD, purified SOD incubated for 7 d with 1 M glucose was applied to a phenylboronate affinity column. The amino acid analysis of (1)
glycated SOD is also listed in Table  I 
Glycated SOD and (3) Glucose Adduct of Poly-lysine from the Amino Acid Analysis Column HL and HL' are hexitol-lysine and its acid rearrangement product, respectively, and U is an unknown product. An arrow indicates a new peak in glycated SOD. caused by glycation of lysine residues during 14d incubation may involve intra-or intermolecular cross-linking. We propose the post-translational modification of SOD by glucose as one possible cause of the lowering in erythrocytes SOD activity observed in diabetes. 5 -7) According to the topological model of SOD proposed by Richardson et al.,34) five lysine residues, 3, 9, 23, 89, and 151 are oriented to the outside of the barrel. It seems that these residues may be protonated, since they are in contact with the bulk solution. As it is considered that a protonated lysine residue is difficult to be glycated, the other five lysine residues, 67, 68, 73, 120, and 134, located in the two large loops, may be more easily glycated. As lysines 120 and 134 are only 12 A and 13 A from the copper at the active center,30) the easily glycated lysine residues may be those at positions 67, 68, and 73.
